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Abstract—A millimeter wave Cassegrain dual-reflector
radar antenna (~94GHz) with super-quadric projected
aperture boundaries concept, that includes sub-reflector
blockage effect, is evaluated for the spaceborne radar
measurement of the vertical cloud profile structure. In this
paper, we show how the super-quadric aperture
representation may be used for optimizing the antenna
radiation performance. This yields to reduce the
noise/clutter level received by the radar through the
antenna. In particular, where the design specifications
stipulate desired radiation characteristics (gain, sidelobe
levels and beamwidths) and maximum allowable antenna
dimensions for nadir looking beam. Model results based on
physical optics, PO, and uniform theory of diffraction,
UTD, for different projected apertures super-quadric
boundaries show that the trends of the antenna patterns in
the principal planes differ significantly from those in the
+45 degrees planes. These unique characteristics along with
the pronounce impact of the edge tapers on the first sidelobe
level relative to the adjacent ones provide a basis to obtain
an optimum antenna design for the instrument.
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1. INTRODUCTION

A millimeter wave Cassegrain dual-reflector antenna (~94
GHz) with super-quadric aperture boundaries concept is
evaluated for the spaceborne cloud profiling radars. The
instrument is designed to measure profiles of cloud water
and ice in the atmosphere in combinations with optical
depths using a nadir looking beam. The principle operation
of the cloud radar is to transmit pulses and measure the
backscattered power of the cloud layers versus time. Hence,
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this process provides the cloud reflectivity data versus
altitude. However, the data received may be contaminated
by surface clutter. For a nadir pointed antenna the primary
source of noise/clutter for the instrument is the surface
backscatter return from previous pulses transmitted and
received through the antenna sidelobes. Consequently,
particularly challenging in the specifications for the antenna
requirements are the unique very low sidelobes levels
desired at far-angle from the peak of the beam. The antenna
proposed for the instrument is a Cassegrain dual-reflector,
shown in Figure 1, that consists of a parabolic main
reflector with super-quadric projected aperture, and a
hyperboloid sub-reflector illuminated by a pyramidal feed
horn. The design specifications stipulate desired radiation
characteristics (gain ~ 63 dB, first sidelobe level ~ 15 dB
and far-sidelobe level ~ 40 dB below main beam peak, and
beamwidths ~0.11 degrees) and maximum allowable
antenna dimension (~1.85 m). It is imperative that a very
accurate and real life antenna model (that includes the sub-
reflector blockage effects) is developed. This step is
necessary in order to be able to obtain an optimum antenna
design and effectively assess and characterize its RF
performance, and critically investigate the key parameters
that yield optimum antenna gain and far sidelobe levels
reduction.

2. ANTENNA ANALYSIS

Diffraction analysis procedures based on PO/UTD [1]-[3]
for different projected aperture super-quadric boundary [4]
are implemented to determine its impact on side-lobe level
reduction and gain. The formulation is accomplished by
representing the projected aperture boundary in the x-y
plane as a super-quadric curve (see Figure 2):
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Figure 1. Cloud-SAT 94.1 GHz Cassegrain Dual -Reflector Cloud Profiling Radar Antenna ( {/D=0.4, antenna diameter,
D=1.85m, and sub-reflector diameter D;=0.25 m)
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Figure 2. (a) Surface Profiles For Two Cassegrain Dual-Reflector Antennas With The Same F/D Ratio (Solid And Dotted
Lines Correspond To D=1.85m and D=2.6163m, Respectively). (b) Cassegrain Dual-Reflector Super-Quadric projected
Apertures In X-Y Plane for different values of n.



where a, b are the semi-axes in the x and y direction
respectively, and » is the parameter that provides the
capability to control the shape of the curvature corners as
shown in Figure 2b. It is evident from equation (1) that the
super-quadric representation allows modeling of numerous
different projected aperture curve configurations through
variation of the parameters, a, b, and n. Figure 2b illustrates
the effect of various values of # on the curve geometry for
the proposed antenna design with an aspect ratio of b/a=1.

3. ANTENNA OPTIMIZATION

In view of the key issues described above, our optimization
approach is based on two steps. In the first, we used a
circular projected aperture to define the antenna baseline
design. In step two, we used a super-quadric projected
aperture to optimize the antenna performance:

1) Circular Aperture

The first step deals with obtaining the antenna performance
using PO/UTD [1]-[5], for a circular projected aperture
(1.85-meter in diameter), and a focal to diameter ratio, f/D,
of 0.4 as to keep the antenna assembly compact. In this
analysis, we included the sub-reflector blockage effect. That
is, it is assumed that the PO currents on the main reflector
that fall within the geometrical optics shadow of the sub-
reflector, when the latter is illuminated by far-source, don’t
radiate. This entails zeroes the PO currents in the shadow
region. For optimum antenna gain, a -10 dB edge taper,
ET, is used. This corresponds to a feed pattern with a
cosine to the power, q, equal to 68.6 (the feed is located at
the apex of the parabolic reflector as shown in Figure 1).

Next, we implemented an equivalent field model for a
millimeter wave feed hom to determine whether a
physically realizable feed horn (to illuminate the sub-
reflector ) can be designed such that its radiation patterns
match the desired cos®™* (0) feed pattern. The cos?(0) feed
pattern is used as an input to the PO/UTD analysis.
Consequently, the resulting feed-horn patterns can be used
in the analysis to obtain far-accurate representation of the
antenna performance.

This model is based on the application of the Equivalence
Principle, in which the horn’s aperture fields are replaced by
equivalent magnetic and electric currents in the aperture.

The aperture field is assumed to have a TE,, amplitude
distribution, and quadratic phase variation depending upon
the length and flares angles of the horn. This method
provides accurate far field patterns for angular regions near
the main lobe and its closet minor lobes. Noteworthy, a
standard WR-10 waveguide is incorporated into the
formulation to connect to the pyramidal sectoral flares as
shown in Figure 3. The WR-10 waveguide supports the

TE,, dominant mode between 75-110 GHz. The radiation
pattern cuts in E-, H-, and 45’ planes of the feed horn design
are computed and compared to the desired cos®*9(0) patterns
as shown in Figure 4. As can be seen that the patterns have
excellent agreement over the angular region +/- 10.43
illuminating the sub-reflector. The horn dimensions related
to these patterns are computed, and found to be physically
realizable.  Figure 3 shows the physically realizable
pyramidal feed horn front view dimensions. The calculated
horn directivity, and 3-dB beamwidth are 23.35 dB and
11.6 respectively.
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Figure 3. Front view of the millimeter wave feed horn
design for the 94.1 GHz Cassegrain dual reflector
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Figure 4. Comparison between the cos(0) desired feed
horn patterns (q=68.6) and the 94.1 GHz pyramidal horn E,
H-, and 45° plane patterns.
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Performance Characterizations:

A comparison between antenna patterns with and without
central blockage effect for a -10 dB, and -20 dB edge taper,
illumination are shown in Figure 5a and b respectively.
The PO/UTD blockage/shadowing results predict the loss in
gain to be approximately 0.42 dB (ET=-10 dB). The peak
of the first sidelobe level increases approximately 4 dB.
Critical to the Cassegrain antenna design, in which very low
sidelobe levels are desired, is the relationship between
tapered feed illumination, antenna gain, and beamwidth.
Table 1. contains all the results of this analysis. In
performing this analysis, the edge taper was varied and the
resulting antenna gain, beamwidth, and radiation pattern
computed. Results are shown for edge tapered of -20dB, -
15dB, and -10dB for the antenna configuration shown in
Figure 1. As one would expect, the maximum gain is
achieved for approximately a -10dB edge taper. However,
the antenna far sidelobe levels remains relatively the same
for a broad range of edge taper -10 to -20 dB, with the
exception of the first sidelobe level closer to the peak of the
beam as shown in Figure 5a an b. The first sidelobe level is
reduced by approximately 5 dB for edge taper range -10 to -
20dB. Also note that large feed edge taper, i.e. ET=-20 dB,
results in null-filling and broadening the sidelobe
beamwidth as shown in Figure 5b.

Table 1. Antenna gain and beamwidth results with sub-
reflector central blockage/shadowing effect for different
feed edge tapered illumination

ET (dB) Gain (dB) Beamwidth (degrees)
-10 63.90 0.112
-15 63.70 0.118
-20 63.20 0.126

Similar observations were made in the extensive theoretical
and experimental work on the feed-support plate blockage
effect on the antenna pattern and gain for the SeaWinds
dual-beam reflector antenna [6].

For the spaceborne cloud profiling radars, it is anticipated
that the noise effect of the first sidelobe level on
contaminating the radar cross section data may be reduced
during radar data processing. Therefore, one can select the
illumination edge taper (ET=-10dB) for desired maximum
gain, since high feed edge taper doesn’t lend itself for far-
sidelobe level reduction as the general notion indicates
without the central blockage/shadowing effect.

No blockage (PO/UTD analysis)
With central blockage (PO/UTD analysis)
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Figure 5. PO/UTD Analysis Results With And Without
Central Blockage Effect For A 94.1 GHz Cassegrain Dual-
Reflector For The Design Configuration In Figure 1. (a) -10
dB Tapered Feed Illumination, (b) -20 dB Tapered Feed
Ilumination.



2) Super-Quadric Projected Apertures

Our objective here is to optimize the antenna performance
(1.85m diameter) described in step 1. Our initial approach
is based on using larger aperture diameter (e.g. 2.6163 m)
with the same /D ratio as in step 1. Figure 2a describes the
main reflector profiles in y-z plane, and the corresponding

new feed and sub-reflector locations. The main reflector is
under-illuminated such that the inner portion of it (1.85 m)
is illuminated with -10 dB edge taper (similar illumination
as in step 1). A super-quadric aperture with diameter of
1.85 meter is superimposed on the antenna-projected
aperture as shown in Figure 2b. Physical optics currents are
set to zero for points located on the reflector and correspond
to points outside the super-quadric aperture. In this case
and for n equal to 2, one can obtain the antenna
performance parameters as in step 1. As can be seen from
Figure 6 that the trends of the antenna patterns in the
principal planes (Figure 6a) differ significantly from those
in the £45 degrees planes (Figure 6b) for values of n greater
than 2. As expected, for larger values of n, higher antenna
gain (see Table 2. below) and lower sidelobes levels are
obtained in any planes other than the principal planes as
shown in Figure 6b.

Table 2. Antenna gain for various values of »n and for
a=b=D/2 (D=1.85 m)

Gain (dB)

64.00

64.70

64.88

Sl (NS

—

0 65.05

Hence, the overall noise clutter received by the antenna
sidelobes (in 3-D space) may be reduced by using super-
quadric projected apertures (e.g., n=4, 6). It should be
noted here that the loss of antenna gain due to the use of
high edge taper (e.g., -20 dB) can be compensated for with
the use of super-quadric aperture (e.g., n=4, 6). While the
benefit of the use of high taper as described in step 1 is
pronounced on the first sidelobe level reduction in the
antenna patterns -including the principal planes, the use of
super-quadric aperture results in reduction of sidelobes
levels in planes other than the principals. Hence, the use of
super-quadric aperture together with appropriate edge taper
leads to optimize the antenna performance, and
consequently reduced the noise/clutter received by the
instrument.
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Figure 6. Far-Field Radiation Patterns For Different Super-
Quadric Projected Aperture Boundaries, ». (a) Principal
Plane ¢=0 or Y-Z, (b) $=45 degrees Plane



4. SUMMARY

A study has been performed for the utility of a super-
quadric projected aperture of a Cassegrain dual-reflector
with application to cloud profile structure measurements. It
is been shown that the use of super-quadric projected
aperture is advantageous in reducing the noise/clutter level
received by the instrument through the antenna sidelobes.
The appropriate use of edge taper together with super-
quadric projected aperture (e.g., #=4, 6) ultimately yield to
optimize the antenna design performance.
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